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Biota Neotrop., vol. 10, no. 4 For this reason, researchers from the Faculty of Sciences of the University of Uruguay obtained financial support from the Invasives Information Network (I3N) of the Inter-American Biodiversity Information Network (IABIN), to develop a database of IAS in Uruguay (InBUy), during two periods of time (2006-2007 and 2009-2010) . Thus, the aim of this paper is to analyze the information collected in the InBUy database and to explore the origin, taxonomy, distribution patterns and causes of introductions of IAS in Uruguay. The information generated has been useful for improving our national IAS strategy, developing management approaches and risk analysis policies, as well as creating research projects, both in national and regional scales.
Material and Methods

Study site
According to Cabrera & Willink (1973) , Uruguay is included in the Pampas phytogeographic province (32° 30' S and 55° 46' W), a unique grassland ecosystem in South America (Figure 1 ). Here, the traditional productive systems are cattle/sheep grazing and agricultural crops. However, silviculture has recently been included as another agricultural activity, thus causing an open grassland ecosystem to change to a closed-canopy system with managed forestry, especially in the west, east and northeast of the country (Petraglia & Dell'Acqua 2006) . The coastal zone is characterized by estuarine and oceanic ecosystems, with the Río de la Plata Estuary and the Atlantic Ocean to the south and southeast respectively, where there is ca. 715 km of total extension of coastline. The harbour located at Montevideo city is one of the most important of the region and also is identified as a doorway for aquatic IAS (FREPLATA 2004) .
Data collection
Introduction
Alien species are those distributed into geographical regions where they were not historically present, and are considered as new organisms in the ecosystem (Sax 2001) . Invasive and Alien Species (IAS) are those that spread beyond their natural area of distribution to establish populations in new environments and cause, or have the potential to cause, harm (IUCN 2000 , Valéry et al. 2008 . Globalization and transport of natural resources has made it possible for species to travel through natural barriers and encroach on ecosystems, causing an important increment of the number of IAS around the world (Hulme et al. 2009 ). Hence, IAS have caused negative impacts on biological diversity, ecosystems, and human health, with ongoing important economic losses both in natural and managed systems (Morton 1997 , IUCN 2000 , Pimentel et al. 2000 , D'Antonio et al. 2001 , Matthews et al. 2005 .
Biological invasions are considered at present the second most important cause of biodiversity loss in the world. Ecosystem services are not always perceived by human populations as highly important, but they are essential to human life, and IAS have negatively affected them (IUCN 2000) . In Uruguay, as well as in other regions of the world, IAS have been introduced either accidentally or intentionally and cause negative impacts not only on natural ecosystems, but also on managed systems (Balero & Gándara 2003 , Ríos 2005 , 2006 , Nebel & Porcile 2006 , Laufer et al. 2007 , Lanfranconi et al. 2009 ).
The use of databases in the world has become a helpful tool to elaborate different strategies on prevention and control and/or to develop policies and scientific analyses related to IAS (APASD 2009 , DAISIE 2009 , GISD 2009 , Hulme et al. 2009 , USDA 2009 ). The information compiled in databases in the areas of taxonomy, ecology, introduction pathways, biogeographical origin and distribution, provide a quick source of information about IAS, to help with their management and control, as well as providing a basis to improve research and knowledge about them (Simpson et al. 2006 , I3N-IABIN 2010 . The IAS information compiled in databases and made available on line allows the development of prevention plans not only at a national but also at regional or global scales. It also provides useful tools to policy makers for the development of strategies for IAS prevention and risk analyses derived from information compiled in the databases. In order to analyze the whole dataset compiled in InBUy about IAS of Uruguay, the output of the complete database was organized by the number of species and records, their life form, natural distribution area at the continental level, taxonomic groups at different levels, and their cause of introduction (accidental or intentional).
Results and Discussion
InBUy database
At present InBUy contains information from 33 specialists of different taxonomic groups, 14 research projects, 185 bibliographic references, and 351 species and 4,715 occurrence records. Vascular plants having both the highest number of species (257) and records (3,239), are followed by vertebrates (50 and 265) and Invertebrates (44 and 1,211).
Within vascular plants, herbaceous life forms are highly represented (139), followed by trees (90) and shrubs (19) . There are also seven vines or climbers, one palm tree and one succulent. Among the herbaceous plants, Poaceae, Asteraceae and Fabaceae are the three most representative botanical families in InBUy (Figure 2a) , being also the most important in the natural prairies of Uruguay (Figure 2b) . Also, the number of vascular plant species in InBUy accounts for 11% of the native flora of Uruguay (2,253) (Marchesi 2004 ). Many of these are forage species, especially referring to Poaceae and Fabaceae, and were introduced to create grazing prairies for livestock. The other most important families are related to therapeutic uses or associated with seed transport. Among trees, Myrtaceae and Pinaceae are the most represented families (Figure 3 ). These are used in silviculture, which has been promoted as an economic activity on Uruguayan prairies during the last 30 years. In silviculture, Eucalyptus and Pinus species are the most often planted (Petraglia & Dell'Acqua 2006) , although both are invasive in Uruguay and elsewhere in the region (INBIAR 2009 , InBUy 2009 , Instituto Horus 2009 . In fact, diverse threats to the environment, human health and cultural aspects of the Pampas Biome were identified throughout a cooperation workshops among researchers of Argentina, Brazil and Uruguay, all related to landscape changes that silviculture is causing in the region (Guadagnin et al. 2009 ).
Within introduced animals, fishes are the most represented group, most of them being introduced for ornamental and aquacultural purposes (18 species). Mollusks are the next most important group (Figure 4 ). The native malacofauna of Uruguay includes 380 marine and estuarine species, 97 freshwater, and 42 terrestrial (Scarabino 2004) . There are 17 terrestrial alien mollusk species recorded in InBUy, which represents 40% of the known terrestrial native species (Campos & Calvo 2006) . This value contrasts with the aquatic mollusks, where alien species recorded in InBUy are only 0.1% of the native ones. In spite of this great difference, the aquatic alien mollusks Limnoperna fortunei (Dunker, 1857), Corbicula fluminea Biota Neotrop., vol. 10, no. 4 (Muller, 1774) and Rapana venosa (Valenciennes, 1846) that are present in Uruguay have a significant impact on biodiversity at global, regional and local scales (Scarabino 2004 , Karatayev et al. 2007 , Carranza et al. 2009 , Lanfranconi et al. 2009 ). With regard to tetrapod vertebrates, birds and mammals are the most represented groups in InBUy, with nine species each one (Figure 4) . Those values agree with the geographic distribution estimates for exotic mammals and birds between 30-35º latitude by Sax (2001) , where for the southern hemisphere 10 birds and 11 mammals were recorded. Tetrapod vertebrate native species include 446 birds, 124 mammals, 66 reptilians and 47 amphibians (Achaval 2009) , and their aliens counterparts in InBUy represent 2, 7, 3 and 2% of the native fauna, respectively. Despite the low percentage values, some of these vertebrate species, such as Sus scrofa (Linnaeus, 1758) (Lombardi et al. 2007) or Lithobates catesbeianus (Shaw, 1802) (Laufer et al. 2007) , are very problematic because of their strong direct or indirect negative impacts on biological diversity and managed systems. Also, these species are included in the '100 of the World's Worst Invasive Species' list (ISSG 2004).
Origin and cause of introduction
The native distribution of IAS recorded in InBUy, classified by their geographic origin at a continental level, shows that most are indigenous to Europe, followed by Asia and Oceania ( Figure 5 ).
This trend could be associated with commercial and cultural exchanges between the Río de la Plata and Eurasia, related to immigration events to South America (Río de la Plata Basin) since the beginning of the America conquest by Cristobal Colón, 500 years ago, and specifically to Solís, who arrived at the Río de la Plata in 1516. However, the major introductions of herbaceous IAS, the most abundant species life form recorded within InBUy, occurred during the second half of the 1800's, when farmers began cultivating prairies (Campal 1969) . Later, the introduction of trees and shrubs started at the end of the 1800's and the beginning of the 1900's, and most were related to landscaping, gardening, and agroforestry (to a lesser extent). In the last 50 years, silvicultural practices have focused on alien species and increased the introduction of Pinus spp., Eucalyptus spp., Salix spp., and Populus spp., among others (Carrión et al. 1990 , Petraglia & Dell'Acqua 2006 . Also, ornamental and commercial species have increased their introduction rates during this period, as a consequence of globalization and commercialization of gardening and crop species. The first exotic population influx to the Río de la Plata came from Europe, and was established in 1526 (ca. 500 years ago), though most IAS introductions date only from 150 years ago. In contrast, European civilization exists from 5300 BC, and there are database records of introductions of IAS to Europe from 500 years ago (Pyšek et al. 2003) . This shows that IAS have been established in the Pampas region for a relatively brief period of time, when compared to Europe.
According to their causes of introduction, about 67% of Uruguayan IAS entered the country intentionally, due to their anticipated economic value as food, medicine, commercialization (mascots, ornamental plants), agriculture (aquaculture, silviculture, forage), soil fixation (dunes, railways) or other ecosystem services (Figure 6 ). The intentional introduction of alien species for aquaculture is also recent for the country, and dates from 1986 . Such introductions were encouraged by government agencies during the 1990's, who promoted aquaculture with alien organisms (DINARA 2008) . According to FAO, about 40% (1,386) of total new aquatic introductions (3,141) result in a new pest (Perez et al. 2003) . Aquatic IAS may produce negative impacts on native biodiversity, alterations in food webs and biological interactions, among others (Perez et al. 2000 (Perez et al. , 2003 . Thus, it is very important to minimize the risks related to aquaculture practices caused by alien species, take into account the likelihood of strong negative biological consequences, and applying an early warning system (McNeely et al. 2001) .
On the other hand, vertebrates (mainly fishes and amphibians) are the main taxa introduced for aquaculture (76%). Many of them have been reported in other countries as important threats to biological diversity (Cyprinus spp., Oerochromis niloticus (Linnaeus, 1758), Lithobates catesbeianus (Shaw, 1802) (ISSG 2004) . Current legislation does not require the use of sterile organisms in aquaculture, which means alien species that escape from aquaculture are generally able to freely reproduce in native environments. Nevertheless, recent decrees recommend the use of native species in aquaculture projects, and promote decisions based on scientific knowledge (DINARA 2008) . In contrast, 90% of the ornamental fish species introduced in the country present tropical thermal tolerances (DINARA 2008) which restrict their survivability in the temperate aquatic ecosystems of Uruguay. The control and license of alien species introductions seems to be the main opportunity to avoid the entrance of new IAS. In this sense, a risk analysis could be a good tool to indicate which new introductions are undesirable (I3N-IABIN 2010) .
About 12% of the alien species in InBUy were introduced accidentally. Aquatic mollusks are the most common group in this category. Many were introduced in ballast water due to increased trade between Asia and Argentina starting in the 1990's (Darrigran & Pastorino 1995). According to Brugnoli et al. (2006) , in Uruguay 12 species of invertebrates were introduced accidentally through ballast water, including Limnoperna fortunei (Dunker, 1857) and Rapana venosa (Valenciennes, 1846) . This number is lower than the introductions reported in other countries like Argentina, Brazil, Chile, and the United States. This could be due to little research on the taxonomy and ecology of aquatic IAS, or may be due to a lower intensity of maritime transport (Orensanz et al. 2002) .
Spatial distribution
Data collected in InBUy show that the highest values of exotic species and records are along the southern coastline, from Colonia department at the southwest on the Río de la Plata and Uruguay Rivers, to Rocha department at the southeast on the Atlantic Ocean (Figure 1 ). Species and records distributed on the coast represent 96 and 69% of the total dataset, with 338 species and 3,288 records respectively. The capital city, Montevideo, has the highest number of species and records (256 and 1,535 respectively). Canelones shows the second highest values, which is the second largest populated department and is highly agricultural (Table 1) . Most alien species inhabit manmade environments and are related to human populations around the world (Sax 2001) . This is also true in Uruguay, where more than 70% of the population is distributed throughout the coastline departments (Defeo et al. 2008 ). However, data collection efforts and accessibility is more intense next to the capital than far from it, so in the northern regions, IAS could be underestimated.
Among species recorded at coastal localities (338), it can be observed that most are terrestrial (301) and only 37 are aquaticestuarine ( Table 2) . As in other geographic areas, the database shows that herbaceous vascular plants are the most representative group, followed by trees and shrubs. Fishes and mollusks are also the most abundant group of animals, followed by crustaceans, birds and mammals (Table 2) .
IAS vascular plants are one of the main threats to coastal biodiversity (Panario & Gutierrez 2006 , Defeo et al. 2008 . They have strong effects on dunes, by modifying the natural processes between the sea-continent interface. Dune fixation is promoted by IAS colonization, causing seashore erosion, leading to changes in the native community's structure and homogenized landscapes, which in turn leads to a decrease in habitats available for native flora and fauna. Contrary to exotic vegetation, native coastal plants are of paramount importance since they both build the dunes and grow on them, thereby preserving coastal morphology and playing a fundamental role in limiting beach erosion and the cumulative effect of waves and storms (Chebataroff 1973 , Dillenburg et al. 1992 , Seeliger 1992 , Cordazzo & Seeliger 1995 .
These negative impacts caused by IAS on coastal environments affect their quality and their touristic attraction, too. It should be noted that 80% of the gross domestic product of coastal localities comes from summer tourism (Defeo et al. 2008) , so economic losses due to IAS deserve special attention. Some of the more problematic IAS trees on coastal environments are eucalyptus, pines and acacias (Eucalyptus spp., Pinus spp., Acacia spp.), or herbs as Bermuda grass (Cynodon dactylon (L.) Pers.) or the cape fig (Carpobrotus edulis (L.) N.E. Br.) (Panario & Gutierrez 2006 , Ríos et al. 2010 . These have changed the native community structure, replacing indigenous species and affecting the whole ecosystem.
Aquatic alien species also were more common at Montevideo, where the harbor is located and considered an entryway for IAS. The other two departments with highest richness values are Canelones and Maldonado, which have aquaculture ventures based on alien species (Laufer et al. 2007 , DINARA 2008 . Finally, Rocha has the lowest value of aquatic IAS, possibly due to its lower urban and productive development.
Although there are relatively few aquatic IAS, they are well established and include dangerous invaders such as the golden mussel (L. fortunei (Dunker, 1857)) and the rapa whelk (R.venosa (Valenciennes, 1846) ). These are causing negative impacts on biological diversity, affecting industry by macrofouling, and collapsing fisheries, leading to important economical losses (Brugnoli et Biota Neotrop., vol. 10, no. 4 undertaken in the country in relation to these species (Clemente & Brugnoli 2002 , Muniz et al. 2005 , evaluating their negative effects on biodiversity (Orensanz et al. 2002 , Scarabino 2004 ) and addressing their spatial distribution and colonization along the hydrographic basins and coastal zones , Langone 2005 , Lanfranconi et al. 2009 ).
It is relevant to highlight that 62 of the 64 species recorded as invasive in InBUy (Table 3) 
Final remarks
The latest compiled dataset in InBUy showed the main IAS impact to be along the coastline, by both the presence of most species richness and records, and the more biological invasions recorded. The introduction of IAS in Uruguay has mainly been intentional, so regulations could be put into effect to prevent new invasions. Due to the fact that the costs of negative impacts, control and eradication of IAS can reach millions and billions of dollars (Pimentel et al. 2000) , without any doubt prevention policies are the best strategy, with the Neotrop., vol. 10, no. 4 Program (DINAMA), a project to support the integrated coastal zone management in Uruguay. As an up-to-date resource, the InBUy database has successfully contributed to an agreed IAS list for Uruguay, and to both National and Coastal Geographic Information Systems. It has also contributed to an increased conscientiousness about the problem through divulgation policies about this important issue, in order to collaborate with the biodiversity conservation community within the country and in the region, too.
lowest economic and environmental cost and risk (Hulme et al. 2009 ). Some methodologies have been developed to assess the risk and to prevent new introductions of alien species, through an early warning system (McNeely et al. 2001) . In this sense, InBUy could be used as a solid baseline of information to address this challenge. Although the eradication of IAS is very difficult and expensive, it is possible and also necessary to do it, and the more rapid response constitutes the best success to achieve the best results. This is the situation in the coastal departments of Uruguay, where economic losses related to IAS could directly affect the economic benefits received, and it is sorely needed in order to reduce the negative impacts on coastal ecosystems. Even so, natural systems are complex, therefore, control methods must be based on scientific knowledge, supervised, and monitored. In most cases, restoration of affected areas is also necessary. This first database of IAS for Uruguay, InBUy, aims to contribute the baseline information required to face this problem, not only at local or national levels but also at a regional level, to develop national and regional policies and help in government and management decision-making. These are also the main objectives of I3N-IABIN (Simpson et al. 2006) .
Moreover, information about IAS in Uruguay that is organized in a database will enable a rapid response to face this problem. The database has been used by a National IAS Committee, which was first established in 2007 and it is coordinated by the National Environmental Agency (DINAMA). The committee consists of specialists from different government agencies, agriculture research institutes, and universities. Their objective is to create a national strategy to strengthen the national policies related to IAS prevention, detection, and control. Moreover, InBUy has been used by the Coastal Environmental Information System and by the ECOPLATA 
